Introduction
Since its introduction in northern Europe in the 1960s, dental implant has been used all over the world as an option to restore teeth and periodontal tissues 1) . In the early stage, dental implant prosthesis was used restrictively to replace removable prosthesis; currently, however, it is also used for stationary prosthesis. This treatment utilizes various methods including osseointegration after 3~6 months of treatment without loading to connect prosthesis or immediate loading 2) . Though the popular use of this treatment has provided many advantages to patients and clinicians, dental implant also gives rise to many complications. In the early stage, there were many surgical complications due to poor osseous tissue as well as mechanical/prosthetic complications such as fracture and loosening of screw caused by the complicated implant structure of Brånemark et al. 1) .
In surgery in those days, severe side effects such as damage to inferior alveolar nerve or mandibular canal were generated because it was hard to diagnose the insufficiency of quality and amount of bone. Moreover, there were many mechanical/ prosthetic problems caused by complicated prosthetic structure and poor mechanical design of denture to fi x the implant for edentulous jaw 3) . Over time, the success rate of implant increased drastically thanks to the paradigm shift in implant treatment, improvement of design, and surface treatment of dental implant and accurate diagnosis and surgery 4, 5) . Note, however, that long-term use of implants also caused new problems such as biological complications including periimplantitis, for which a definite treatment approach has not been found yet, and a need for extra care for patients with periodontitis 6) . In particular, many mechanical complications that may be generated during long-or short-term observations of implant patients including fracture of screw or abutment can embarrass dentists without enough experience. Despite the advanced implant design and mechanical improvement, the problems such as loosening and fracture of abutment screw, abutment fracture, and prosthesis fracture caused by various conditions including unexpected lateral pressure still remain without clear solutions. In this paper, we review cases of complications based on abutment fracture one of the mechanical complications to fi nd out its causes, problems, solutions, and methods of prevention.
Case Report

Case 1
The Case 1 is in relation to implant screw-andcement prosthesis prosthesis of a 50-year-old male patient who had a D (diameter) 5.0 mm×H (height) 13.0 mm internal connection-type implant placed for restoration. The patient visited the hospital complaining of food impaction around the existing prosthesis and mobility of prosthesis. He received prosthetic restoration of implant in the #16, 17 posterior teeth manufactured 5 years ago; #16 used a non-hex-type screw-retained-type prosthesis, and #17 used a non-hex-type cement-retained-type prosthesis. The patient had not visited the hospital for 2 years and visited 1 week ago due to the inconvenience of prosthesis.
Mobility of prosthesis was detected, and the abutment screw in the screw retaining area was removed using torque wrench to remove the prosthesis accordingly. But there was a defect in the structure of the upper prosthesis as shown in Fig.  1 , a radiograph of the root apex, and Figs. 2 and 3, pictures of the removed prosthesis and fractured abutment. Antagonistic teeth used an implantretained-type prosthesis. This case was likely to be associated with abutment facture because prosthesis received loads including lateral pressure for a long time after loss of cement from the cement-retained-type prosthesis. In particular, if antagonistic teeth are in the implant group, complications can arise unless chewing pressure especially lateral pressure is controlled properly. In addition, the posterior screw-retained-type abutment will have excessive loading if dissolution and failure of cement in the posterior abutment are not managed properly with regular inspection. In addition, error in prosthetic process and defect of abutment may be infl uencing factors. Considering the location of fracture in Fig. 2 , there may be a need to consider the problem in the joint area between the custom cast abutment with screw retention (UCLA) abutment and the upper structure when casting.
The separated lower structure of the UCLA abutment was removed including the posterior cement-retained-type abutment, and prosthesis was manufactured again by collecting impression implant from fastener level. The posterior abutment was changed to the hex type, and conformity of the prosthesis was checked thoroughly to connect 'passive fit' prosthesis that does not deliver excessive loading to the abutment.
Case 2
The Case 2 is related to implant cement-retainedtype prosthesis of a 48-year-old male patient who had 2 D5.0 mm×H10.0 mm internal connection-type implants placed for restoration. The patient visited the hospital complaining of mobility of prosthesis that occurred a few months ago in the right lower molar area. He was using 2 cement-retained-type prostheses using cement-retained-type abutment manufactured 4 years ago, and he visited the hospital due to the continuous mobility of the prosthesis without being examined for 3 years. For antagonistic teeth, removable partial denture was used, but it was manufactured to restore the lost molar in the left molar area. The antagonistic teeth of #46, 47 teeth were the #16, 17 removable partial denture abutments restored with crown, forming a major chewing part.
One or more of the 2 abutments were expected to have attachment failure or loosening of screw including loss of cement, thus the screw was removed by creating a hole at the top of the prosthesis. After removing it, fractured abutment was identified in the prosthesis and the lower part of the remaining abutment as shown in Figs. 4, 5, and 6.
To remove the abutment remaining in the implant, the 'removal kit' delivered from each implant manufacturer was used, and prosthesis was manufactured again by collecting impression at the fastener level. In this case, 2 implants placed in different directions were of the cement-retained type, and at the time of manufacture, stress may be concentrated when applying to the front abutment, or there may be excessive lateral pressure around the #46 tooth. Even when using custom abutment or angled abutment, goodness of fi t or retention force of the upper structure may decrease compared to that of a correctly placed implant, and misfi t within the prosthesis may be undetected due to cement. If a misfit is generated when manufacturing prosthesis, such may be a major cause of fracture, and great care is needed if antagonistic teeth are natural teeth of implant fixed-type prosthesis. When manufacturing prosthesis again, the height and angle of the #46 MB cusp tip were lowered, and goodness of fi t of prosthesis was evaluated to restore with cement-retained-type prosthesis that delivers 'passive fi t.'
Case 3
This case is in relation to a restoration using a single implant for a 45-years-old male patient's left maxillary central incisor. With D4.0 mm×H11.5 mm internal connection-type implant, screw connectiontype restoration with manually manufactured ceramic was used on the upper part of the zirconia abutment. Fracture occurred 15 months after the prosthesis was placed. The patient had regular examinations after 3 months, 6 months, and 1 year and visited the hospital due to deciduous prosthesis identifi ed at the examination after 1 year.
When manufacturing prosthesis, first, for the aesthetic restoration of prosthesis, cement was placed at the top of abutment using zirconia abutment provided by the manufacturer. However, fracture occurred at the abutment in the lower part of the prosthesis. As shown in Figs. 7 and 8 , the location of the fracture is 1/3 from the center of abutment. In this case, implantation was done by placing ceramic on the non-hex-type zirconia abutment; therefore, internal flaw caused by the repeated placement of ceramic and heat treatment was likely to spread due to repeated loading caused by excessive occlusion force or disadvantageous delivery of loading in the anterior area. However, there was no specific problem in the regular occlusion test and adjustment. In addition, there may have been a fl aw in the abutment, or loading is concentrated on a certain location due to the uneven contact surface between the exterior of the abutment and inside of the implant fastener. For restoration, impression was collected again from the implant fastener level, and cement-retainedtype prosthesis was manufactured using normal titanium abutment.
Discussion
Mechanical/Prosthetic Complications of Implant and Their Causes
Complications of implant can be classified as surgical complications, mechanical/prosthetic complications, and biological complications. Surgical complications can be divided into intraoperative complications and postoperative complications. Intraoperative complications include bleeding, neurological damage, maxillofacial fracture, perforation in the maxillary sinus or nostril, dehiscence, bone boring, and damage of adjacent tooth. Postoperative complications include infection, bleeding, hematoma, chronic inflammation of the maxillary sinus, and lesion around the implant 7) . Mechanical/prosthetic complications include loosening and fracture of screw, fracture of abutment, remnant/loss of cement, fracture of prosthesis and porcelain, and, in some cases, fracture of implant 8) . According to Berglundh et al. 9) , the average fracture rate of implant in retained-type prosthesis was 0.74%; the complication rate of the internal connection-type structure was 0.23%, and that of the upper structure was 0.24%. For restoration of a single tooth, the complication rate slightly decreased-the average fracture rate of implant was 0%, the complication rate of the internal connection-type structure was 0.30%, and that of the upper structure was 0.16%. The most common biological complication is periimplantitis, followed by abnormal bone loss, inflammation of the gums, periodontal abscess, and loss of implant 10) . According to Brägger et al. 11) , though biological complications occur more frequently than mechanical complications, they showed higher failure rate of the implant itself; hence the need to try harder to prevent and manage complications. The aforesaid complications result from many reasons. With respect to the operator, improper treatment plan or error in design and manufacture of prosthesis may cause complications. If a specifi c implant or structure has excessive loadings due to improper plan or design of prosthesis or disadvantageous dynamic structure caused by long cantilever, mechanical complications may occur. Likewise, with respect to the patient, bad oral habits that can cause excessive occlusion force such as teeth grinding and clenching and occlusion form of implant and natural antagonistic teeth and excessive loading around the implant may cause complications. Finally, in terms of implant/ prosthesis, poor quality of implant product, disadvantageous dynamic structure or design of implant, small implant considering occlusion force or its location, error in placement, or improper prosthesis may cause problems by generating excessive loading in the abutment or upper structure 12, 13) . Though there was misfi t between parts attri-butable to errors of implant manufacturers such as problems in implant, implant abutment, and abutment screw, instances of such have been reduced drastically with the standardization of the manufacturing process and reinforcement of quality control (QC) by domestic implant manufacturers. Moreover, in terms of problems in the placement process, fracture can be prevented by observing the principles, and QC of clinic must be controlled properly. In fact, if we exclude problems in the implant itself or placement, complications may be prevented because the operator can provide accurate analysis and proper treatment plan by controlling factors on the patient and implant/ prosthesis sides. Therefore, the operator is believed to be the most important factor.
Prevention and Solution of Mechanical/Prosthetic Complications of Implant
Many unexpected problems can arise in a clinical situation, including mechanical/prosthetic complications of implant. Normal fracture of prosthesis or ceramic can be solved easily if prosthesis can be easily removed. If repair is needed, the problem of contact surface material can be addressed by providing proper prosthesis form for the patient or adjusting the width, part, or strength of the occlusal contact surface. In addition, wearing of occlusion support device (occlusal guard, night guard) to adjust the nonfunctional occlusion force helps prevent mechanical complications 14) . Loosening and fracture of screw can be minimized by manufacturing accurate prosthesis to disperse loading on the abutment and abutment screw, and selecting proper full load, material, and type of abutment and screw is critical 15, 16) . In addition, regular examination can prevent many complications, which may be detected after the fracture of abutment or prosthesis screw with relying on the feeling of patient alone. In the early stage after manufacturing the prosthesis, prosthesis and occlusion should be inspected carefully and frequently. Even after a certain period, regular examination and radiography can help prevent possible complications 17, 18) . If fractured screw or abutment is detected, the use of supporting devices such as 'removal kit' or experience of removing prosthesis will help the most. Fractured screw or abutment can be removed easily using a proper device, and the operator's experience in using various tools or methods (i.e. reverse rotation by explorer or ultrasonic device etc.) before commercialization of such device can be the fi rst step to resolve the mechanical complication.
After removal, a fractured abutment screw is generally replaced, or the prosthesis is manufactured again.
Before performing the normal re-manufacture of prosthesis, one should ask, "Why did such complication occur?" Intraoral occlusion test will be good; sometimes, however, there is a need to conduct overall occlusion analysis to collect impression. Of course, if prosthesis needs to be manufactured again, impression should be taken to provide proper occlusion. In addition, it is sometimes necessary to replace with a more appropriate type of abutment for loading considering the properties of abutment or to change the cement-retained type to screw-retained type and vice versa. Proper material for prosthesis and abutment should also be selected. If the complication is associated with intraoral bad habit, various physical therapies and occlusion protector will be necessary.
Implant placement may give rise to various complications. Among these complications, mechanical/prosthetic complications can be prevented with accurate analysis and treatment plan, ma-nufacture of accurate prosthesis, and regular examination. If a complication occurs, there is a need to detect it promptly, identify its cause, and react to it to avoid the re-manufacture of implant prosthesis or loss of implant and for proper treatment.
Resolving and presenting implant complications start with going back to the basics and will be able to be achieved through accurate diagnosis and treatment plan; selection of proper design, form, and material of prosthesis; and manufacture of accurate prosthesis.
